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Louise Foley1, Yannan Jiang1, Cliona Ni Mhurchu1, Andrew Jull2, Harry Prapavessis3, Anthony Rodgers4
and Ralph Maddison1*Abstract
Background: The prevention and treatment of childhood obesity is a key public health challenge. However, certain
groups within populations have markedly different risk profiles for obesity and related health behaviours.
Well-designed subgroup analysis can identify potential differential effects of obesity interventions, which may be
important for reducing health inequalities. The study aim was to evaluate the consistency of the effects of active
video games across important subgroups in a randomised controlled trial (RCT).
Findings: A two-arm, parallel RCT was conducted in overweight or obese children (n = 322; aged 10–14 years) to
determine the effect of active video games on body composition. Statistically significant overall treatment effects
favouring the intervention group were found for body mass index, body mass index z-score and percentage body
fat at 24 weeks. For these outcomes, pre-specified subgroup analyses were conducted among important baseline
demographic (ethnicity, sex) and prognostic (cardiovascular fitness) groups. No statistically significant interaction
effects were found between the treatment and subgroup terms in the main regression model (p = 0.36 to 0.93),
indicating a consistent treatment effect across these groups.
Conclusions: Preliminary evidence suggests an active video games intervention had a consistent positive effect on
body composition among important subgroups. This may support the use of these games as a pragmatic public
health intervention to displace sedentary behaviour with physical activity in young people.
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Background
The prevention and treatment of childhood obesity is a
key public health challenge [1,2]. Within populations, sub-
groups have different risk profiles for obesity and related
health behaviours. Marked differences exist in the preva-
lence of childhood overweight and obesity among minor-
ity or indigenous groups internationally [3] and in New
Zealand [4], with resulting health inequalities. Addition-
ally, evidence suggests that minority groups have greater
engagement in sedentary screen-based pursuits, which
have been implicated in the development of obesity [5].* Correspondence: r.maddison@nihi.auckland.ac.nz
1National Institute for Health Innovation, School of Population Health,
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Full list of author information is available at the end of the article
© 2014 Foley et al.; licensee BioMed Central L
Commons Attribution License (http://creativec
reproduction in any medium, provided the or
Dedication waiver (http://creativecommons.or
unless otherwise stated.Screen-time is known to differ by sex as well as ethnicity.
Boys are greater users of screen-based media than girls in
the United States [6], Australia [7] and New Zealand [4].
Subgroup analysis can be used to identify the consistency
of main trial effects across different groups of participants.
This approach is particularly important for public health in-
terventions and may help inform policy development and
implementation strategies for subgroups where known
health inequalities exist [8]. However, such analysis is often
criticised due to lack of sufficient statistical power with in-
creased likelihood of Type I error [9,10]. Guidelines suggest
subgroup analysis is appropriate when (a) the main trial ef-
fect is positive, (b) there is a plausible rationale for examin-
ing a particular subgroup specified a priori, and (c) the
results of analyses are considered exploratory [8,10,11].
When used appropriately, subgroup analysis may be usedtd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
g/publicdomain/zero/1.0/) applies to the data made available in this article,
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tackle health inequalities [8]. Few community-based phys-
ical activity interventions have reported the main trial ef-
fects by important subgroups [12].
The Electronic Games to Aid Motivation to Exercise
(eGAME) study was a randomised controlled trial (RCT)
to evaluate the effect of active video games on body com-
position, physical activity and cardiovascular fitness in
overweight and obese children in New Zealand [13]. A
modest but statistically significant treatment effect favour-
ing the intervention group on change in body mass index
[BMI] (kg/m2 and z-score) and percentage body fat was
found at 24 weeks post intervention. As the only large ac-
tive video games RCT conducted to date, the study pro-
vides an opportunity to explore the consistency of main
trial effects across important subgroups.
In the context of the eGAME trial, ethnicity and sex are
subgroups of interest because of the different risk profiles
for overweight and screen-based behaviour. Additionally,
cardiovascular fitness may be important, as a recent meta-
analysis indicated an inverse relationship between cardio-
vascular fitness and metabolic syndrome and obesity in
children [14]. Therefore, the aim of this paper was to con-
duct a pre-specified subgroup analysis of the eGAME
study to examine the consistency of trial effects by ethni-
city, sex and baseline cardiovascular fitness.
Methods
Design
The eGAME trial was a two-arm, parallel RCT to evaluate
the effect of active video games on body composition, phys-
ical activity and physical fitness in overweight and obese
children. Ethical approval was granted (NTY/07/09/099),
and the trial was registered (ACTRN12607000632493). De-
tails regarding the methods [15] and main results [13] of
the eGAME trial have been reported, and are briefly de-
scribed below.
Participants
A total of 322 overweight or obese [16] children aged
10–14 years, who regularly used traditional sedentary
video games, were randomly allocated to a 24 week ac-
tive video games intervention (n = 160) or control (n =
162). Participants were excluded if they already owned
active video games or had a medical contraindication to
performing physical activity.
Procedure
Intervention participants received a home-based active
video games intervention. The Sony PlayStation Eye-
Toy was used, which employs a USB motion-capture
camera to place a picture of the gamer on screen,
which the gamer then interacts with. Control partici-
pants continued as normal and received the activevideo games at the end of the study. Assessments were
conducted at baseline, 12 weeks and 24 weeks. At each
time point, participants had their height and weight
measured, underwent bioelectrical impedance analysis
and completed a field test of cardiovascular fitness,
amongst other measures [17].
Outcomes
The primary outcome was change from baseline in BMI
(kg/m2) and standardised BMI (z-score).Statistical analysis
Analyses were performed on the principle of intention-
to-treat, including all randomised participants who
provided at least one valid post-baseline measure. Ana-
lysis of covariance regression models were used to
evaluate main treatment effects, adjusting for baseline
outcome, age, sex, and ethnicity. When a significant
main treatment effect was detected, further analyses
were conducted to assess the consistency of the effect
across subgroups: (a) self-identified ethnicity (Māori,
Pacific or New Zealand European/Other); (b) sex (male
or female); and (c) baseline VO2max (tertiles low <23.8,
medium 23.8-28.3, high >28.3 ml/kg/min). The specifica-
tion of the subgroups for ethnicity and sex were defined a
priori, however, the decision to split cardiovascular fitness
into tertiles was made post hoc to ensure an equal distri-
bution of numbers across the categories.
The interaction effect between the treatment and sub-
group terms was tested in the main model. A significant
interaction would indicate differential treatment effects
among the subgroups. The same regression models were
carried out for participants within individual subgroups
to estimate the magnitude of the intervention effect in
each subgroup. When the subgroups analyses on ethni-
city and sex were conducted, the corresponding term in
the adjusted model was removed.
The outcomes of interest were change from baseline in
BMI, BMI z-score and percentage body fat. Statistical ana-
lyses were performed using SAS version 9.2 (SAS Institute
Inc, Cary, NC) and R 2.14.0 (The R Foundation for Statis-
tical Computing, Vienna, Austria). Statistical tests were
two-sided at a 5% significance level. No adjustment on
multiple comparisons was considered.Statistical power
As a standard two-arm RCT, the sample size calculation
was powered on the primary outcome only, using all ran-
domised participants. Therefore, sample size calculations
for sub-group analyses were not conducted. Post hoc
power calculation was not considered appropriate for mul-
tiple subgroup analyses.
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Table 1 presents baseline descriptive data in each arm by
subgroup. The final sample consisted of 17% MāoriTable 1 Descriptive summary of baseline outcomes by subgro
Intervention
n Mean SD
BMI (kg/m2)
Gender
Female 44 25.96 4.25
Male 116 25.52 4.03
Ethnicity
NZEO 92 24.73 3.63
Maori 27 26.77 4.31
Pacific 41 26.96 4.44
Baseline VO2max
Low 51 27.56 4.27
Medium 59 25.81 4.1
High 49 23.49 2.68
All 160 25.64 4.08
BMI z-score
Gender
Female 44 1.11 0.97
Male 116 1.31 1.2
Ethnicity
NZEO 92 1.5 1.12
Maori 27 1.22 0.9
Pacific 41 0.73 1.18
Baseline VO2max
Low 51 1.73 1.1
Medium 59 1.25 1.17
High 49 0.78 0.98
All 160 1.26 1.14
Percentage body fat (%)
Gender
Female 44 34.38 4.78
Male 114 31.24 6.88
Ethnicity
NZEO 91 32.33 6.12
Maori 27 33.67 5.63
Pacific 40 30.59 7.67
Baseline VO2max
Low 49 36.21 4.5
Medium 59 32.27 5.4
High 49 27.78 6.82
All 158 32.12 6.51
BMI – body mass index; kg – kilogram; m – metre; n – number; NZEO – New Zealan(indigenous ethnic group) and 26% Pacific (minority ethnic
group), compared with 57% New Zealand European/Other.
Furthermore, the majority of participants were males (73%).up
Control Overall
n Mean SD n Mean SD
43 26.51 4.65 87 26.23 4.43
119 25.47 4.09 235 25.5 4.05
91 24.55 3.85 183 24.64 3.73
28 25.87 2.96 55 26.31 3.68
43 28.19 4.75 84 27.59 4.61
52 27.89 5.01 103 27.73 4.64
54 25.22 4.04 113 25.53 4.06
54 24.21 2.68 103 23.87 2.69
162 25.75 4.25 322 25.7 4.16
43 1.29 0.96 87 1.2 0.97
119 1.24 1.14 235 1.27 1.17
91 1.47 1.19 183 1.49 1.15
28 0.93 0.54 55 1.08 0.74
43 1.01 1.08 84 0.87 1.13
52 1.83 1.26 103 1.78 1.18
54 1.13 1 113 1.19 1.09
54 0.79 0.74 103 0.79 0.86
162 1.25 1.1 322 1.25 1.12
43 35.16 5.73 87 34.76 5.26
117 31.5 6.37 231 31.37 6.61
90 33.61 5.95 181 32.96 6.05
28 31.24 6.24 55 32.43 6.02
42 30.9 7.06 82 30.75 7.32
51 36.21 5.55 100 36.21 5.04
54 32.53 5.74 113 32.4 5.54
53 28.9 5.52 102 28.36 6.17
160 32.48 6.39 318 32.3 6.44
d European/Other; SD – standard deviation; VO2max – maximal oxygen uptake.
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ment and subgroups in all regression models (p = 0.36 to
0.93), indicating no statistical evidence of treatment differ-
ences among these subgroups of interest (Table 2).Table 2 Estimates of intervention effect in subgroups of inter
Change from baseline outcome Intervention Control Dif
BMI (kg/m2)
Gender
Female 0.29 0.51 −0
Male −0.19 0.12 −0
Ethnicity
NZEO −0.01 0.23 −0
Maori 0.18 0.68 −0
Pacific 0.04 0.25 −0
Baseline VO2max
Low −0.12 0.10 −0
Medium 0.23 0.44 −0
High 0.03 0.36 −0
All 0.11 0.44 −0
BMI z-score
Gender
Female 0.09 0.14 −0
Male −0.06 0.02 −0
Ethnicity
NZEO −0.02 0.05 −0
Maori 0.03 0.14 −0
Pacific 0.04 0.06 −0
Baseline VO2max
Low −0.03 0.00 −0
Medium 0.05 0.12 −0
High −0.01 0.09 −0
All 0.01 0.09 −0
Percentage body fat (%)
Gender
Female −0.98 0.03 −1
Male −1.28 −0.53 −0
Ethnicity
NZEO −1.49 −1.02 −0
Maori −0.85 0.02 −0
Pacific −0.94 0.72 −1
Baseline VO2max
Low −1.68 −0.88 −0
Medium −0.24 −0.05 −0
High −1.15 0.16 −1
All −0.99 −0.16 −0
BMI – body mass index; CI – confidence interval; kg – kilogram; m – metre; NZEO –Discussion
This exploratory subgroup analysis indicated a consist-
ent intervention effect across subgroups, suggesting ac-
tive video games could help address weight gain in boysest
ference Lower 95% CI Upper 95% CI P of interaction
0.69
.22 −0.68 0.24
.30 −0.57 −0.04
0.46
.24 −0.51 0.03
.50 −1.21 0.21
.21 −0.66 0.24
0.93
.22 −0.62 0.18
.21 −0.62 0.21
.34 −0.76 0.09
.33 −0.57 −0.08
0.87
.05 −0.16 0.06
.08 −0.16 0.00
0.61
.07 −0.16 0.02
.12 −0.28 0.05
.03 −0.14 0.09
0.89
.03 −0.15 0.08
.07 −0.18 0.05
.10 −0.24 0.04
.08 −0.15 −0.01
0.82
.02 −2.39 0.35
.75 −1.59 0.09
0.36
.47 −1.36 0.43
.87 −2.74 1.00
.67 −3.19 −0.14
0.47
.80 −1.99 0.38
.20 −1.44 1.05
.32 −2.67 0.03
.83 −1.54 −0.12
New Zealand European/Other; VO2max – maximal oxygen uptake.
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levels of fitness. Many health strategies aim to both im-
prove the overall health of the population as well as re-
duce inequalities within the population. However, these
aims are not necessarily achieved in tandem, and inter-
ventions that improve overall health may in fact serve to
widen the inequality divide via differences in access or
uptake [18]. From this perspective, these preliminary
findings suggest that an active video games intervention
did not appear to perpetuate existing ethnic inequalities
in overweight and obesity, as the intervention operated
consistently across groups. In addition, in 2005 video
game console ownership was slightly higher among
Māori (46%) than non-Māori (31%–44%) in New Zea-
land [19] suggesting that indigenous groups have at least
equal access to this type of intervention.
The eGAME trial is the largest study of its type con-
ducted to date, and the sample sizes for the subgroups
of interest are larger than many small studies published
in the literature. As a standard two-arm RCT, the trial
was powered on the primary outcome only, using all
randomised participants. The results of all other ana-
lyses, including secondary outcomes [13] and mediation
[20] reported elsewhere, and the subgroup analyses re-
ported here, are therefore exploratory in the sense that
they are considered as hypothesis generating rather than
confirmed findings.
Post hoc power analyses were not considered appropri-
ate. However, balanced recruitment across ethnicity and
gender was sought in order to maximise the statistical
power and efficiency of pre-specified subgroup analyses.
Despite significant effort, this was not achieved. More than
40% of the sample was Māori or Pacific, but the recruit-
ment target of one third each of Māori, Pacific and New
Zealand European/Other was not met. Similarly, more
than 70% of participants were male. Despite these imbal-
ances, this study remains one of very few that has specific-
ally targeted minority ethnic groups for participation and
reported results separately for these groups [21].
Despite their limitations, subgroup analyses remain a vi-
able approach, and to date provide some of the only avail-
able evidence on the effects of interventions on health
inequalities. In this study, the difference in treatment effect
across subgroups was small, raising issues of cost and feasi-
bility for future trials aiming for sufficient power to detect
subgroup differences. Therefore, with appropriately cau-
tious inferences, this study adds to a sparse evidence base.
In conclusion, this active video games intervention oper-
ated consistently across important subgroups. These pre-
liminary findings support the use of these games as a
pragmatic public health intervention. Researchers inter-
ested in pragmatic, community-based interventions should
continue to consider the implications of their interventions
on health inequalities.Abbreviations
BMI: Body mass index; eGAME: The electronic games to aid motivation to
exercise study; kg: Kilogram; m: Metre; min: Minute; ml: Millilitre;
RCT: Randomised controlled trial.
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